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1.0  INTRODUCTION 

The  objective  of  the  ultra  low  loss  optical  fiber  cable  assemblies 
contract  (DAAS07-78-C-2922 )  is  to  develop  cable  assemblies  for 
Army  tactical  field  data  transmission  at  20  Mb/s  over  8  km  without 
repeaters. 

The  contract  effort  includes  the  development  of  rugged  cable,  her¬ 
maphroditic  cable  connectors,  and  bulkhead  receptacles  which  are 
optimized  for  tactical  field  applications. 

This  report  covers  the  final  cable  and  connector  development 
effort,  fabrication,  and  initial  characterization  of  cable. 

1.1  Work  Planned  for  This  Reporting  Period 

Work  on  the  following  tasks  was  planned  for  this  reporting 

period: 

a.  Program  review  with  ITT  Cannon  to  discuss  cable/ 
connector  interface  items  and  overall  assembly  per¬ 
formance 

b.  Connector  development  -  Modify  and  evaluate  existing 
connector  to  reduce  cable  assembly  losses 

c.  Cable  design  -  Select  cable  design  based  on  the  data 
generated  and  further  evaluate  low  temperature  per¬ 
formance 

d.  Complete  effort  to  address  low  temperature  fiber  per¬ 
formance  as  pertains  to  buffer  coating  thickness 

e.  Obtain  additional  fibers  to  construct  cables  for 
final  cable/connector  assemblies 

f.  Complete  optical  measurements  on  fibers  and  fabricate 
final  assemblies 
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2.0  PINAL  CABLE  DESIGN 

This  section  covers  the  description,  construction,  and  evaluation 
of  the  three  1  km  cable  samples  for  the  final  assemblies. 

2.1  Optical  Fibers 

The  light  transmitting  elements  of  the  cable  are  the  graded-index 
optical  fibers  (Figure  2-1)  consisting  of  a  glass  core  (germanium 
phosphorus,  and  boron  dopants)  and  a  glass  cladding  (germanium, 
phosphorus,  and  boron  dopants).  To  preserve  the  mechanical 
strength  of  the  glass  fibers,  they  are  coated  with  RTV  and  Hytrel 
plastic  buffers.  These  buffers  protect  the  optical  fiber  as 
described  in  the  following  paragraphs. 

The  graded-index  optical  fibers  are  to  meet  the  following  specif i 
cations  at  0.82-um  wavelength  after  proof  loading  at  690  N/mm2: 

a.  Fiber  core  55  um  ±5  pm 

b.  Fiber  outside  diameter 

(od)  125  um  ±6  pm 

c.  Attenuation  <5.0  dB/km 

d.  Dispersion  <2.0  ns/km 

e.  Numerical  aperture  (NA) 

(90%  power)  >0.14 

2.1.1  Primary  Buffer 

A  room  temperature  vulcanizing  (RTV)  silicone  protective  coating, 
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DIMENSIONS  SHOWN  Mit  NOMINAL  VALUES 


Figure  2-1.  Wideband  Graded  Index  Multimode  Optical  Fiber. 
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Dow  Corning  Sylgard®  184,  is  applied  by  dipcoating  to  a  finished 
diameter  of  300  um  immediately  after  drawing.  This  protective 
coating  guards  the  fibers  from  any  initial  handling  or  foreign 
substances  that  may  damage  or  reduce  the  quality  of  the  product 
and  is  compatible  with  the  buffering  materials.  Sylgard®  184  is 
used  because  of  the  ease  in  stripping  this  material. 

2.1.2  Secondary  Buffer 

All  fibers  have  a  Hytrel®  7246  buffer  layer  for  additional  protec 
tion.  The  layer  is  tubing  extruded  to  a  finished  diameter  of 
0.5  mm.  An  additional  layer  is  pressure  extruded  to  0.94  mm  to 
provide  the  rugged  mechanical  and  environmental  performance. 

2.1.3  Center  Filler 

The  center  filler  element  of  the  cable  is  an  impregnated  380  den¬ 
ier  Kevlar®  49  yarn  which  is  jacketed  to  1 . 0  mm  od  with  black 
polyurethane  (Roylar®  E-80).  This  construction  provides  for  addi 
tional  resiliency  to  impact  loads. 

2.1.4  Cable  Core 

The  six  optical  fibers  are  helically  applied  around  the  center 
filler  (Figure  2-2)  with  a  7.6  cm  (3.0  in)  right-hand  lay. 

2.1.5  Polyurethane  Inner  Jacket 

The  polyurethane  inner  jacket  is  extruded  after  the  cabling 
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optical  fibers 


KEVLAR®49  TARN  -  380  DENIERS 


POLYURETHANE  FILLER  JACKET 
(ROYLAR  E-80 ® ) 

INNER  POLYURETHANE  JACKET 
(ROYLAR  £-98) 

18  KEVLAR®49  YARNS  EACH  1420  DENIERS 


OUTER  POLYURETHANE  JACKET 
(ROYLAR  E-9B®) 


OPTICAL  FIBER  O.D.:  0.94MM 

ALL  DIMENSIONS  IN  MM 


Figure  2-2.  Basic  Cable  Design. 


operation.  The  polyurethane  used  is  Roylar®  E9-3,  a  polyether 
based  compound,  manufactured  by  Uniroyal.  It  is  chosen  because  of 
its  extreme  toughness,  abrasion  resistance,  low  temperature  flexi¬ 
bility,  resistance  to  hydrolysis,  fungus  resistance,  and  excellent 
stability  to  atmospheric  conditions.  This  jacket  supplies  support 
for  the  fiber  making  up  the  cable  core  and  provides  a  buffer  layer 
between  the  fibers  and  Kevlar®,  reducing  abrasion. 

2.1.6  Kevlar®  Strength  Members 

Kevlar®  49  has  been  chosen  as  the  strength  member  for  this  appli¬ 
cation  because  of  its  strength  versus  weight  and  durability.  A 
total  of  18  yarns  (1420  denier)  is  applied  helically  with  a 
10.1  cm  (4.0  in)  lay  length.  The  lay  length  was  selected  to  be 
greater  than  that  of  the  fibers  to  ensure  that  the  Kevlar®  absorbs 
the  tensile  load.  The  strength  member  will  provide  181.8  kg 
(400  lb)  tensile  strength  at  1%  elongation.  One  percent  elonga¬ 
tion  is  the  0.689  MPa  (100  kpsi)  fiber  proof  test  level. 

2.1.7  Polyurethane  Outer  Jacket 

The  polyurethane  outer  jacket  is  tubing  extruded  after  the  Kevlar® 
strength  members  are  applied  to  a  finished  diameter  of  6.15  mm 
±0.2  mm  (see  Figure  2-2).  The  Roylar®  E-9B  polyurethane, 
manufactured  by  Uniroyal,  is  a  polyether  based  compound. 
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2.2  Optical  Evaluation 

The  attenuation,  dispersion,  and  90%  power  NA  were  measured  on  the 
three  1  km  cables  using  the  measurement  techniques  indicated  in 
Appendix  A. 

2.2.1  Attenuation  Measurement  Results 

The  three  cable  samples  were  fabricated  in  a  3176  m  continuous 
length  and  attenuation  measurements  were  completed  prior  to  cut¬ 
ting  into  1  km  lengths.  The  attenuation  on  the  fibers  before 
cabling  (Table  2-1)  averaged  3.53  dB/km  and  3.33  dB/km  after  cabl¬ 
ing  indicating  a  0.20  dB/km  reduction.  This  consistent  and  small 
reduction  in  attenuation  after  cabling  can  be  attributed  to  ini¬ 
tial  high  spool  tensions  and  pressure  points  from  each  layer  wind¬ 
ing  . 

The  attenuation  on  each  fiber  in  the  3176  m  finished  cable  was 
measured  at  five  wavelengths  (0.82,  0.85,  1.06,  1.10,  and 
1.20  urn) .  The  average  attenuation  at  0.82  wm  wavelength  was 
3.76  dB/km  and  at  1.20  um  wavelength  the  attenuation  was 
1.15  dB/km.  The  statement  of  work  on  this  contract  does  not 
require  measurements  at  wavelengths  greater  than  1.05  um,  but 
since  CORADCOM  demonstrates  interest  in  long  wavelength  transmis¬ 
sion,  ITT  EOPD  evaluated  the  cables  at  1.06,  1.10,  and  1.20  urn  as 
indicated  in  Table  2-2. 


Table  2-1.  Cabling  Loss  (061780-4c-1 ,  3176  m) 


Attenuation  (dB/km) 


Fiber  Ident 

Before 

After 

A 

1 . 

Brown 

3.05 

2.91 

-0.14 

2. 

White 

* 

* 

* 

3. 

Blue 

3.41 

3.06 

-0.35 

4. 

Orange 

3.45 

3.10 

-0.35 

5. 

Slate 

3.68 

3.55 

-0.13 

6. 

Green 

4.04 

4.04 

-0.00 

Average 

3.53 

3.33 

-0.20 

♦Attenuation 

measured  at  0.85 

pm  wavelength 

and  0.089 

injection  NA.  The  white  fiber  was  intentionally  cabled 
in  two  pieces  (1100  m  and  2200  m)  without  splicing. 
Therefore,  attenuation  could  not  be  measured  on  this 
fiber  in  the  3-km  cable  section. 
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Table  2-2.  Attenuation  Versus  Wavelength  (dB/km) 
(061780  —  4c— 1 ,  3176  m) 


Wavelength  (urn) 


Fiber  Ident 

0.82 

0.85 

1.06 

1.10 

1.20 

1. 

Brown 

3.27 

2.91 

1.34 

1.21 

1.03 

2. 

White 

* 

* 

* 

* 

* 

3. 

Blue 

3.52 

3.06 

1.31 

1.13 

0.86 

4. 

Orange 

3.48 

3.10 

1 .48 

1.32 

1.09 

5. 

Slate 

4.05 

3.55 

1.70 

1.54 

1.33 

6. 

Green 

4.48 

4.04 

1.92 

1.73 

1 .44 

Average 

3.76 

3.33 

1  .  55 

1.39 

1.15 

*The  white  fiber  was  intentionally  cabled  in  two  pieces  (1100  m 
and  2200  m);  attenuation  measured  at  0.089  injection  NA.  The 
attenuation  data  could  not  be  obtained  for  the  white  fiber  in  the 
3-km  cable. 
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The  3176  m  cable  was  cut  into  three  lengths  (1025,  1100,  and 
1018  m)  and  the  attenuation  was  measured  again  at  the  five  wave¬ 
lengths  indicated  in  Table  2-3.  The  average  attenuation  of  the 
three  cables  after  cutting  was  0.39  dB/km  higher  at  both  0.82  um 
and  1.20  um  wavelengths.  This  higher  attenuation  in  the  shorter 
length  cables  can  be  attributed  to  high  order  modal  losses  which 
are  depressed  in  the  3176  m  section.  After  cutting  the  3-km  cable 
into  three  cables,  two  cables  had  one  fiber  each  with  5.07  and 
5.06  dB/km  attenuation  at  0.82  um  wavelength  which  slightly 
exceeds  the  program  objective  of  5.0  dB/km.  The  data  indicates 
that  when  a  cable  is  fabricated  in  a  long  length  (3  km)  the 
results  of  fiber  performance  may  vary  down  the  cable  length. 

The  attenuation  versus  injection  NA  results  in  Table  2-4  indicate 
that  as  the  injection  cone  angle  increases  beyond  a  certain  steady 
state  value,  the  high  order  modes  become  more  prevalent  and  the 
attenuation  increases  accordingly. 

While  the  0.089  injection  NA  is  substantially  less  than  the  NA  of 
the  fiber,  Kaiser1  has  reported  that  low  NA  injection  of  similar 
graded  index  fibers  results  in  a  modal  distribution  closer  to 
steady  state  conditions  than  that  achieved  with  higher  injection 


1P.  Kaiser.  "NA-Dependent  Spectral  Loss  Measurements  of  Optical 
Fibers,"  Transactions  of  the  Inst  of  El  and  Comm  Enq,  Japan,  March 
1978. 
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Table  2-3.  Attenuation  Versus  Wavelength  (dB/km).* 


061 780-4c-1a1  ,  1025  m  _ Wavelength  (urn) 


Fiber  Ident  0.82  0.85  1.06  1.10  1.20 


1 . 

Brown 

3.80 

3.34 

1.93 

1.60 

1.55 

2. 

White 

4.06 

3.62 

2.07 

1.87 

2.20 

3. 

Blue 

4.94 

4.41 

2.42 

2.25 

1.90 

4. 

Orange 

4.20 

3.86 

2.33 

2.08 

1.91 

5. 

Slate 

4.31 

3.88 

1.82 

1.42 

1.49 

6. 

Green 

5.07** 

4.39 

2.10 

1.94 

1.60 

Average 

4.40 

3.92 

2.1  1 

1.86 

1.78 

061 780-4c-1 a2 

,  1100  m 

Fiber  Ident 

1 . 

Brown 

4.10 

3.71 

2.06 

1.87 

1  .60 

2. 

White 

3.60 

3.27 

1.73 

1.56 

1.64 

3. 

Blue 

4.04 

3.59 

1.79 

1.55 

1.25 

4. 

Orange 

3.60 

3.16 

1.70 

1.55 

1.31 

5. 

Slate 

4.45 

3.95 

2.15 

2.00 

1.85 

6. 

Green 

5.06** 

4.44 

2.19 

1.99 

1.69 

Average 

4.14 

3.69 

1.94 

1.75 

1.56 

061780-4c-1 b. 

1018  m 

Fiber  Ident 

1 . 

Brown 

3.46 

3.03 

1.54 

1.38 

1.15 

2. 

White 

3.79 

3.51 

1.96 

1.82 

1.61 

3. 

Blue 

3.80 

3.44 

1.79 

1.58 

1.33 

4. 

Orange 

3.77 

3.40 

1.82 

1.74 

1.46 

5. 

Slate 

3.47 

3.05 

1.17 

0.97 

0.74 

6. 

Green 

4.75 

4.03 

2.02 

1.68 

1.43 

Average 

3.84 

3.41 

1.72 

1.53 

1.29 

♦Attenuation 

measured  at  0.089 

injection 

NA. 

**The  attenuation  on  the  green  fiber  exceeds  program  goals  of 
5.0  dB/km  when  cut  into  1-km  lengths  from  the  original  3176  m 
cable. 


04709 


11 


Table  2-4.  Attenuation  Versus  Injection  NA  (dB/km) 


* 


06 1780-4c-1 al , 

1025  m 

Injection  NA 

Fiber  I  ant 

0.089 

0.124 

0.176 

0.243 

1 .  Brown 

3.80 

3.84 

4.21 

4.19 

2.  White 

4.06 

4.13 

4.42 

4.51 

3.  Blue 

4.94 

4.89 

5.02 

4.93 

4.  Orange 

4.20 

4.26 

4.47 

4.59 

5.  Slate 

4.31 

4.24 

4.36 

4.49 

6.  Green** 

5.07 

5.1  1 

5.08 

5.00 

Average 

4.40 

4.41 

4.59 

4.62 

06 1 780-4c- 1 a2 , 

1100  m 

Fiber  Ident 

1 .  Brown 

4.10 

4.22 

4.34 

4.39 

2.  White 

3.60 

3.45 

3.43 

3.52 

3.  Blue 

4.04 

4.06 

4.17 

4.13 

4.  Orange 

3.60 

3.70 

3.88 

3.80 

5.  Slate 

4.45 

4.53 

4.69 

4.78 

6.  Green** 

5.06 

4.87 

4.94 

4.90 

Average 

4.14 

4.14 

4.24 

4.25 

06 1 780-4c-1 b , 

1018  m 

Fiber  Ident 

1 .  Brown 

3.46 

3.56 

3.73 

3.78 

2.  White 

3.79 

3.94 

4.27 

4.44 

3.  Blue 

3.80 

3.81 

3.97 

3.99 

4.  Orange 

3.77 

3.72 

3.97 

4.19 

5.  Slate 

3.47 

3.64 

3.90 

3.98 

6.  Green 

4.75 

4.55 

4.53 

4.62 

Average 

3.84 

3.87 

4.06 

4.17 

♦Attenuation 

measured  at  0.82 

um  wavelength. 

**The  attenuation  on  the 

green 

fiber 

exceeds 

program  goals 

of 

5 . 0  dB/km  when 

cut  into 

1-km  lengths 

from  the 

original  3176 

m 

cable. 


NAs.  Further,  the  0.089  NA  is  selected  to  avoid  excess  transient 
losses  introduced  by  modal  over-excitation  in  short  lengths  of 
graded  index  fibers.  These  leaky  modes  may  be  propagated  through 
the  borosilicate  cladding  layer. 

2.2.2  Pulse  Dispersion  Measurement  Results 

The  results  of  the  pulse  dispersion  measurement  on  the  three 
cables  (1025,  1100,  and  1018  m)  shown  in  Table  2-5  indicate  an 
average  of  1.18,  1.20,  and  1.45  ns/km,  respectively.  One  fiber 
had  a  pulse  dispersion  value  of  2.13  ns/km  which  exceeds  the  pro¬ 
gram  goal  of  2.0  ns/km.  The  data  indicates  that  when  a  long  fiber 
is  cut  into  shorter  lengths,  the  pulse  dispersion  does  not  remain 
uniform  with  distance.  In  order  to  consistently  meet  the 
2.0  ns/km  program  objective,  either  the  cable  will  be  fabricated 
in  1  km  increments  or  in  long  length  cables  lower  dispersion 
fibers  will  be  used. 

2.2.3  Numerical  Aperture  (90%  Power)  Measurement  Results 

The  90%  power  NA  measured  on  the  three  cable  samples  had  an  aver¬ 
age  of  0.19  as  indicated  in  Table  2-6.  The  lowest  value  was  0.17 
and  the  highest  0.22. 

2.2.4  Fiber  Dimensional  Measurement  Results 

The  results  are  located  in  Table  2-7  for  the  dimensional  measure¬ 
ments  for  the  six  fibers  used  in  the  cable  prior  to  cutting.  The 
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Table  2-5.  Pulse  Dispersion  (ns/km) 


Fiber  Ident 

06 1  780-4c-1 al 
1025  m 

061 78Q-4c-1 a2 
1100  m 

061 78Q-4c-1 b 
1018  m 

1. 

Brown 

2.13* 

1.22 

1.67 

2. 

White 

0.62 

0.75 

1.41 

3. 

Blue 

0.87 

0.93 

1  .13 

4. 

Orange 

0.88 

1.31 

1.10 

5. 

Slate 

0,72 

1.43 

1.48 

6. 

Green 

1.84 

1  .58 

1.92 

Average 

1.18 

1.20 

1.45 

*The  pulse  dispersion  exceeds  program  objectives  of  2.0  ns/km. 
The  pulse  dispersion  may  vary  along  the  cable  length,  requiring 
better  quality  fibers  if  cabled  in  3-km  lengths. 
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Table  2-6.  Numerical  Aperture  (90%  Power) 


061 780-4c-1 al 


Fiber  Ident 

1025  m 

1. 

Brown 

0.176 

2. 

White 

0.173 

3. 

Blue 

0.193 

4. 

Orange 

0.169 

5. 

Slate 

0.205 

6. 

Green 

0.225 

Average 

0.190 

061 780-4c- 1 a2 
1100  m 

061780-4c- 
1018  m 

0.173 

0.188 

0.181 

0.179 

0.189 

0.194 

0.181 

0.174 

0.182 

0.196 

0.204 

0.200 

0.185 

0.189 

0  <♦  7 
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Table  2-7.  Fiber  Dimensional  Measurements 


(Cable  061780-4c-1,  3300  m) 


Core  Diameter  (um)  Fiber  Diameter  (urn) 


Fiber  Ident 

SOP* 

EOP** 

SOP* 

EOP** 

1. 

Brown 

52  x  53 

53 

124 

125 

2. 

White 

51 

55 

127 

123  x  124 

3. 

Blue 

54  x  56 

52  x  53 

128  x  131 

126  x  129 

4. 

Orange 

51 

51  x  52 

121 

121  x  122 

5. 

Slate 

52 

53 

128 

128 

6. 

Green 

55  x  56 

53 

124  x  127 

119  x  121 

♦Start  of  pull,  bottom  of  spool. 
♦♦End  of  pull,  top  of  spool. 


fiber  core  and  overall  diameter  are  both  within  program  specifica¬ 
tions  . 

2.2.5  Cable  Low  Temperature  Attenuation  Performance 
The  statement  of  work  on  this  contract  does  not  require  low  tem¬ 
perature  (-55°C)  attenuation  measurements  on  the  cables  prior  to 
the  final  cable  assemblies,  but  since  CORADCOM  demonstrates 
interest  in  improving  low  temperature  performance,  ITT  EOPD 
monitored  attenuation  versus  temperature  on  the  three  cable  sam¬ 
ples.  The  average  attenuation  increase  on  the  three  cables  (see 
Table  2-8)  at  -40°C  was  0.93  dB/km  and  the  highest  increase  was 
2.75  dB/km.  At  -55°C  the  results  became  very  erratic  with 
0.61  dB/km  to  greater  than  26.2  dB/km  changes.  Further  cable  sam¬ 
ple  evaluations  indicate  that  these  results  are  attributed  to  the 
polyurethane  jacket  material.  The  modulus  of  the  Roylar®  E-9B 
polyurethane  increases  rapidly  below  -40’C  causing  high  induced 
fiber  stress  and  microbend  losses.  Samples  evaluated  with  Roylar® 
E-80  polyurethane  have  significantly  better  performance  at  -558C. 
Reasons  for  the  dramatic  improved  performance  of  the  slate  fiber 
in  all  three  cables  remain  illusive.  Investigations  into  these 
problems  are  continuing  on  internal  R&D  efforts. 
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Table  2-8.  Cable  Low  Temperature  Performance 


Attenuation 

Increase  (dB/km) 

061780-4c-1a1 ,  1025m 

-40  *C 

-55  °C 

Fiber  Ident 

1 .  Brown 

1.35 

>23.50 

2.  White 

2.75 

>25.80 

3.  Blue 

0.37 

7.30 

4.  Orange 

0.92 

13.25 

5.  Slate 

0.30 

2.23 

6.  Green 

0.62 

8.82 

Average 

1.05 

>13.48 

061 780-4c-1 a2 ,  1 100  m 

Fiber  Ident 

1 .  Brown 

1.45 

>26.20 

2.  White 

1.04 

>23.90 

3.  Blue 

-0.42 

3.68 

4.  Orange 

0.78 

9.01 

5.  Slate 

0.05 

0.87 

6.  Green 

1.00 

15.76 

Average 

0.65 

>13.24 

06 1 780-4c- 1b,  1018  m 

Fiber  Ident 

1 .  Brown 

2.14 

>25.10 

2.  White 

1.76 

10.34 

3.  Blue 

0.49 

5.1  1 

4.  0 range 

0.83 

10.  15 

5.  Slate 

0.13 

0.61 

6.  Green 

1.27 

15.34 

Average 

1.10 

>11.11 

0  7  0  9 
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3.0  FIBER  AND  CABLE  OPTIMIZATION 


This  section  examines  the  fiber  low  temperature  performance  versus 
fiber  buffer  diameter,  jacket  material  evaluation,  and  fiber 
impact  resistance. 

3.1  Fiber  Low  Temperature  Attenuation  Performance 
A  selection  of  fibers  with  diameters  from  0.5  mm  (0.020  in)  to 
1.14  mm  (0.045  in)  was  evaluated  at  +10°C  temperature  intervals 
down  to  -65*C  with  constant  attenuation  monitoring.  The  attenua¬ 
tion  data  in  Figures  3-1  and  3-2  indicates  that  the  low  tempera¬ 
ture  fiber  performance  is  excellent  with  Hytrel®  buffer  diameters 
to  0.99  m  (0.039  in),  but  a  drastic  increase  in  attenuation  starts 
to  occur  with  fibers  1.00  mm  (0.040  in)  in  diameter  or  larger. 

The  data  also  shows  that  fiber  buffer  diameters  of  0.99  mm  or  less 
have  a  straight  line  curve  to  -65*C,  but  larger  diameter  fibers 
have  a  high  attenuation  increase  point  starting  at  approximately 
-35*C . 


3.2  Recommendations  From  Fiber  Optimization 

The  results  of  the  low  temperature  attenuation  testing  on  fibers 
indicate  that  in  order  to  achieve  optimum  attenuation  performance 
at  low  temperature  (-55*0,  the  buffered  fiber  diameter  must  be 
0.94  mm  (0.037  in)  or  less  to  allow  for  manufacturing  tolerances 
and  always  must  remain  below  the  knee  in  the  curve  shown  in  Figure 
3-2.  This  reduction  in  fiber  buffer  diameter  will  result  in 
reduced  impact  survivability. 
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3.3  Fiber  Impact  Survivability 

A  cable  sample  fabricated  to  the  requirements  of  ultra  low  loss 
design  3  with  0.94  mm  (0.037  in)  diameter  fibers  was  evaluated  at 
various  impact  levels  from  3.4  N«m  to  6.0  N*m  (2.5  to  4.5  ft»lb). 
The  results  shown  in  Figure  3-3  indicate  that  the  fiber  surviva¬ 
bility  is  greatly  reduced  at  levels  greater  than  4.0  N*m 
(3.0  ft‘lb).  The  data  shows  that  at  3.4  N •m  the  cable  withstands 
1300  impact  cycles  without  any  fiber  failures. 

3.4  Recommendations  From  Impact  Testing 

Based  on  the  data  collected  for  ultra  low  loss  design  3,  ITT  EOPD 
recommends  that  the  fiber  diameter  for  the  final  cable  assemblies 
be  0.94  mm  ±0.05  mm  (0.037  in  ±0.002  in)  and  that  the  program 
impact  load  levels  be  established  at  3.73  N*m  (2.75  ft* lb).  This 
will  provide  for  optimum  impact  resistance  while  maintaining 
excellent  low  temperature  attenuation  performance  for  the  ultra 
low  loss  cable  assemblies. 

3.5  Polyurethane  Jacket  Evaluation 

The  three  1  km  cables  and  a  300  m  length  of  cable  for  bulkhead 
receptacle  terminations  were  processed  through  the  cabling  opera¬ 
tion  and  stopped  because  of  a  Roylar®  E-9B  polyurethane  low  tem¬ 
perature  problem.  This  problem  resulted  in  circumf erential  cracks 
around  the  jacket  while  the  cable  was  subjected  to  bend  testing 
around  a  sheave  at  low  temperature,  indicating  brittleness  at 
-54*C.  A  sample  cable  was  fabricated  and  mechanical  evaluations 


04709 


22 


conducted  to  determine  if  the  new  Roylar®  E-9BE  polyurethane  was 
acceptable.  Uniroyal  made  a  formulation  change  on  the  grade  of 
polyurethane  and  indicated  that  there  would  be  no  performance 
variation  from  previous  batches.  In  fact,  the  samples  ITT  EOPD 
evaluated  indicated  a  low  temperature  brittleness  with  severe 
jacket  cracking.  During  this  time  frame,  the  polyurethane  manu¬ 
facturing  facilities  and  all  rights  were  sold  by  Uniroyal  to  B.F. 
Goodrich . 

The  E-9BE  polyurethane  and  formulation  were  evaluated  by  B.F. 
Goodrich  at  the  company's  technical  center;  it  was  discovered 
that  the  monomer  was  changed  to  improve  processing.  This  change 
caused  low  temperature  crystallization  to  develop  in  the  product 
initiating  the  cable  cracking.  B.F.  Goodrich  has  located  a  batch 
of  E-9B  in  one  of  its  facilities  that  was  manufactured  to  the  pre¬ 
vious  formulation  and  shipped  ITT  EOPD  a  sample  for  evaluation. 
Also,  B.F.  Goodrich  has  sent  ITT  EOPD  a  sample  of  a  modified  E-9B 
formulation  fabricated  in  its  technical  center.  The  previous  E-9B 
formulations  were  run  at  the  B.F.  Goodrich  facilities  in  mid-July 
with  results  shown  in  Table  3-1  . 

The  results  of  the  two  polyurethane  E-9B  formulations  tested  at 
-54*C  in  accordance  with  MIL-C-13777F  for  bend  testing  are  as 
follows : 

a.  Sample  1  (old  Uniroyal  formulation)  -  No  failures 
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b.  Sample  2  (modified  B.P.  Goodrich  formulation)  - 

Jacket  cracked  around  the  cable  circumference  in  two 
locat ions 

The  cables  for  use  in  the  final  assemblies  were  fabricated  using 
previous  Uniroyal  E-9B  formulation  that  passed  the  bend  testing 
requirements  for  this  program. 

When  the  cables  were  completed,  a  sample  was  subjected  to  impact, 
twist,  and  bend  testing  at  -54°C  in  accordance  with  MIL-C-1 3777F. 
The  samples  passed  the  impact  and  bend  testing,  but  jacket  crack¬ 
ing  developed  during  the  twist  test  indicating  that  the  material 
was  marginal  in  performance. 

Further  investigation  by  B.F.  Goodrich  (see  Table  3-1)  on  various 
batches  indicated  that  the  modulus  varies  considerably  at  -50DC 
causing  a  range  of  brittleness.  Improvements  to  stabilize  this 
material  will  continue  at  B.F.  Goodrich  and  samples  will  be  sup¬ 
plied  to  ITT  EOPD  for  further  evaluation. 
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4.0  CONNECTOR  DEVELOPMENT  PROGRESS 

The  fabrication  of  connector  hardware  was  completed  following  the 
design  plan  (CLIN  0007/A003b)  for  hermaphroditic  connector  plug 
and  bulkhead  receptacles  already  submitted  to  CORADCOM.  The  com¬ 
plete  connector  hardware  takes  approximately  12  weeks  to  fabri¬ 
cate. 

4.1  Fiber  Termination 

Cable  termination  tooling  is  being  developed  to  increase  yield  and 
to  reduce  fabrication  time.  One  process  which  is  being  examined 
is  a  cleave  and  bond  operation  for  epoxying  the  fiber  to  the 
jewel.  The  process  uses  powdered  epoxy  which  can  be  pressed  into 
pellet  form  and  preassembled  into  the  jewel  ferrule  assembly.  The 
application  of  heat  causes  the  epoxy  to  flow  and  then  cure.  This 
process  will  save  time  from  mixing  and  curing  individual  epoxy 
batches . 

During  the  report  period,  ITT  Cannon  has  completed  manufacture  of 
connector  hardware  for  test.  This  includes  32  different  compo¬ 
nents  for  20  connectors  (a  total  of  approximately  1500  compo¬ 
nents  ) . 

ITT  Cannon  is  planning  on  conducting  comparative  tests  between  the 
cleave/bond  process  and  the  grind/polish  process  currently  being 
used.  The  comparison  test  will  not  interfere  with  the  evaluation 
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testing,  but  the  cleave/bond  procedure  promises  to  ease  the  prob¬ 
lem  of  six  equal  length  terminations. 


Another  process  is  being  investigated  to  speed  up  (improve)  the 
termination  procedure.  ITT  Cannon  developed  a  tool  for  the  U.S. 
Navy  to  grind  and  polish  bundle  fibers  in  a  Cannon  FON  series  fer¬ 
rule.  ITT  Cannon  is  experimenting  with  grind/polish  operations  on 
the  smaller  FOT  ferrules  used  on  this  contract.  Both  processes 
promise  to  shorten  termination  time  on  multiple  fiber  cable  con¬ 
nectors  . 

4.2  Terminate  Cables  With  Connectors/Receptacles 

The  pigtail  lead  cables  have  been  terminated  for  the  characteriza¬ 
tion  process.  The  three  1  km  cable  assemblies  are  partially  ter¬ 
minated  and  will  be  completed  shortly  when  new  guide  sleeves  are 
fabricated.  The  original  guide  sleeves  were  not  machined  properly 
and  allowed  too  much  clearance  causing  a  variation  in  performance 
during  the  mating  operation.  The  range  of  variation  was  between  1 
and  10  dB. 

The  three  point  crimped  guide  sleeves  which  were  originally 
designed  to  align  mating  jewel  ferrules  failed  to  provide  proper 
alignment  in  preliminary  testing.  The  crimped  area  did  not  pro¬ 
vide  parallel  support  ridges  for  the  ferrules  and  therefore  held 
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one  ferrule  tighter  than  the  other.  To  correct  this  problem 
machined  guide  sleeves  are  being  manufactured. 

One  variation  from  the  initial  design  plan  is  the  deletion  of  the 
lockwasher  from  the  connector  plug,  bulkhead  receptacle  design, 
item  18  on  parts  list  for  111271-0003  receptacle.  The  reason  for 
this  is  that  the  size  needed  is  no  longer  a  standard  item  of  the 
lockwasher  manuf acturer .  It  is  also  felt  that  the  vibration  and 
shock  levels  will  not  loosen  a  properly  tightened  jam  nut.  Jam 
nut  torque  requirements  will  be  determined  and  specified  in  a 
future  report. 

4.3  Initial  Cable  Assembly  Bend  Testing 

The  results  of  the  initial  cold  flexure  test  conducted  at  ITT  Can¬ 
non  indicate  that  the  cable  flexure  at  -58°C  did  not  damage  the 
jacket  of  the  cable.  The  -58°C  temperature  selected  for  this  test 
exceeds  program  requirements  of  -54*C  used  in  evaluating  the 
cables.  The  reason  ITT  EOPD  experienced  cracking  of  the  jacket 
and  ITT  Cannon  did  not  is  due  to  the  effectiveness  of  the  spring 
portion  of  the  connector  strain  relief.  The  spring  prevented  the 
radical  bending  of  the  cable  as  it  exits  the  connector  shell. 
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5.0  PROGRAM  REVIEW  AT  ITT  CANNON 

The  program  review  at  ITT  Cannon  was  conducted  on  September  19, 
1980.  The  connector  characterization  and  termination  of  the  three 
1  km  cable  assemblies  were  on  schedule.  The  cleave  and  polish 
operation  of  the  fibers  in  the  ferrules  went  smoothly.  None  of 
the  fibers  experienced  fractures  or  brittleness  during  the  termi¬ 
nation  process  as  reported  in  earlier  termination  trials. 
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6.0  WORK  PLANNED  FOR  NEXT  PERIOD 

The  following  items  will  be  completed  or  addressed  during  the  next 
6 -month  period: 

a.  Complete  characterization  of  connector/receptacles 
with  pigtail  leads 

b.  Complete  mechanical  and  environmental  testing  of 
cable  assemblies 

c.  Supply  drawings  and  visualization  data  for  the 
connector/receptacles  and  cable  assemblies 

d.  Distribute  semiannual  report  for  period  May  1,  1980 
to  November  30,  1980 

e.  Complete  draft  of  final  technical  report  and  submit 
to  CORADCOM 

f.  Final  program  review  with  ITT  Cannon  on  connector/ 
receptacle  performance  and  cable  assembly  interface 
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1.0  SCOPE: 

This  specification  describes  “be  equipment  ar.i  procedures  required  for  the  measure- 
of  s.tj ~z 6n\i3.~ "  o n  in  fibers  •  -n'-LSxicri  of  3,r.  oc* icsil  f ibsr  h.2.5 

major  impact  or.  optical  fiber  oyster  design  ar.i  is  essential  for  optical  fiber 
characterisation . 

2.0  REFERENCE  DOCUNgirrS : 

2.1  DOD-STD-16T3 ,  "Fiber  Duties  Test  Methods  and  Instrumentation , "  30  November, 
19TT  • 


3.0  ZQUIPi-EMT :  (See  Figure  l) 
Light  Source 


Me 3"  i zo~ 


(A)  American  Optical  Model  AC653  or  Oriel 
Tunsten  Halogen  with  regulated  power 
supply . 

(3)  Kodak  Model  5?0H 
(C)  .17  to  1.09  ur,  Ooricr. 


-ejection  _er.s 


PCS  Fiber 


to —mating  uer.s 


/ariao-e  F-stot 


test  rice: 


Cutout  cans 


lock-in  Anolifier 


/S.ni2.cf.-9  .-.zszz  jjc  f? 

Am  "CSX  .uC  isl.  d-^-”  ~C* 


■7*  N  *np 


(  H  )  P2L2T*  r  AlT.DCIC  y.Z 


NON-CONTROLLEl 

FOR  REVISION  AMO  Di$7R!3imC-* 

issuto  FEB  17  1331 


(J)  E  G  S  G  4SGC-444 


(l)  Princetcr.  Accliec 


1.0  MATER  LAI : 


1.1  Masking  Tape  (Stock  ^OloGOT) 

1.2  Rater  31ades  (Stock  *Q2t008' 

1.3  Diamond  Scribe  P.TVA  211,526  with  RT  VA  211,595  refill  or  Majestic  Tocl 
per  Exp.  Owg.  *1374. 

1.1  T.7.  Corona  Dope  R77A  211,565 


xt  ninmur 


l  z  ni— . 


SIZE  [CODE  IDENT  NOTT DRAWING  NO- 


13567 


iv  d — 


SCALE 


j  REVISION 
-fr  A. 1-3 


>0-003 


1/  ?! 


004  -  000 


5.0  PROCEDURE : 

5.1  Set-up 

5-1.1  Check  that  lock- in.  amplifier  (l)  controls  are  set  as  shown  in  Fiacre  2. 
With  incut  acplied , adjust  chase  for  tero  cutout  vhen  chase  changed  by 
90“  . 

5.1.2  Check  that  cower  supply  (X)  is  set  at  100Y  with  the  detector  (X) 
reverse  biased  (cathode  positive  potential). 

5.1-3  Turn  on  all  attenuation  equipment. 

5.2  Graded  index  and  step  index  CVD  fibers. 

5.2.1  (Long  length)  Prepare  ends  on  each  end  of  test  fiber  per  specification 

PT-VJ-211 , 5~r0  .  Leave  5-0  to  7.6  cm  (2.0  to  3-0")  of* bare"  fiber 

0XT2G 5 0b  i*  si-d.  •  A  b  jf^f  2.002  i.Gn  cf  jtocit:  fi^oni  220  f'i.'csr* 

er.d  is  3.d0cu.3,20  20  suitacls  end  -uadiny. 

5*2.2  Cc3.2  2b.0  srinins  2d  dns  0-iC2C30d  di'csn  vi ~ n  d.V.  ccnona  den- 

to  within  0.5  cm  (0.2  ir.. )  of  each  end.  This  strips  light  propa¬ 

gating  in  the  substrate  glass.  Caution  is  recyuirei  to  avoid  contacting 
“hs  fiber  end  vivh  the  T.Y.  corcna  done.  Allow  20  dry. 


5.2.3  Position  end  of  pull  (TOP'  fiber  e 
Drovlded  in  fixturs . 


r.i  or.  5-axis  positioner  ?.  in  slot 


5-2.1  Position  start  of  puli  (SC?)  fiber  end  in  detector  fixture. ?5  using 
alignment ■  rods  to  place  end  in  proper  position,  .love  fixture  into 
dstector  un2il  5202  r 02.cn sd . 

5.2.5  Set  the  slide  projector  controls  for  white  light  ir.jectitn.  Set  the 
valuable  P-stop  lens  H  to  ?2  (XA  =  .213).  Adjust  positioner  ?.  for 
maximum  throughput  as  indicated  by  the  output  of  the  lock-in  amplifier 
C.  Adjust  lock-in  scales  as  required.  Adjust  time  constant  as  require', 
to  obtain  steady  state  reading. 

5-2.6  Adjust  slide  projector  to  obtain  filter  at  desired  wavelength.  Adjust 
P-stop  on  lens  (H)  for  desired  1IA.  Record  steady  state  value  and 
scale  from  lock-in  amolifier  (l) . 

5.2.7  Repeat  for  additional  XA ' 5  at  the  same  wavelength.  NON-CONTROLLED 

,  FO-5  AND  OISTRiBUTICK 

5.2.0  Repeat  for  each  additional  wavelength  required. 

(c;  rr*“ 

5.2.9  (Short  Length)  Remove  SC?  from  detector.  Cut  fiber  approximately 
one  meter  (39-1  inches)  from  POP.  Prepare  end  ao  point  cut  on  cr.e 
meter  section  per  5-2.1  and  5-2.3. 

NCTZ  I  SiC3i*0!!lS  030T0  obCU2.ll  b 0  9X 0 2T C C 3 0 C.  2C  3.V0i.C.  *  —  r*  “r_0  ZC? 

end  during  this  step. 


5- 2. 1C  Position  the  new  end  in  the  detector  per  5.2.1.  Repeat  steps  51 
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5.2.10  (Cent.)  through  5.2.3  as  during  the  long  length  measurement  per 
requirements . 

Single  Mode  Fibers 

5.3-1  {long  Length)  Prepare  ends  on  ea_h  end  0:’  fiber  per  specif! cation 

3T-7J-211 , 5TC  .  Leave  10.2  to  12.7  cm  (u.O  to  5-0  in.)  of  bare  fiber 
at  each  end.  She  end  should  be  inspected  under  10X  magnification  to 
determine  end  suitability.  Miner  flaws  are  permissible  on  fiber  edges, 
but  a  smooth,  flat  central  region  is  essential. 

5.3.2  Perform  measurement  per  5-2.2  through  5.2.10  except  the  short  length 
shall  be  5  a  long  and  the  new  end  on  the  short  length  is  oretared  cer 
5.3.1. 

Plastic  Clad  Silica  (PCS)  Fiber 

5.4.1  Prepare  beta  fiber  ends  per  specification  F.T-7J-211 , 5“'  .  inly  tC . 5  : 


>  .  12'7  in.  )  of  bare  fiber  is  rec-iiref.. 


as  -ignc  aces  n oz  propagate  m  one  plastio  chancing. 

5-4.2  Perform  attenuation  measurement  per  5-5.3  through  5.2. li. 


iata  Reduction 


ouostitute  _oc>-m  anp_ifiar  reamings  into  equation  be_tw: 


a  (dB/km)  =  ~~  log  10  cb1-  (X  ,  L.A  ) 

— j  <  -  0  0 


Where,  1  =  fiber  length  in  >r 


=  encsen  ii—cer  vavej-engen 


NQN-C0NTR0LLED 

FOR  RcViSiON  AND  OISTRIBvTmCK. 

issued  FEB  17  1981 


7.  =  short  length  voltage  reading  at  X  and  LTA  ,  multiplies  by  scale. 


7  =  long  length  voltage  reading  also 


MA  =  specified  27'  lens  MA 


a-  ^  on--  ,4,  1  t  nv  5  ^ 

o  0 


( 7,  and  7  are  reduced  by  synchronous  spurious  signal,  level  for 
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SCOPE : 

The  purpose  of  these  measurements  is  to  determine  the  core  diameter,  fiber  outer 
diameter,  and  fiber  numerical  aperture.  These  parameters  determine  the  coupling, 
splicing,  and  connectoring  properties  of  each  fiber.  This  specif icatior.  applies 
to  CVD  fibers  only. 

REFERENCE  TCGUiglTS: 

3.1  DOD-5TD-16JS  "Fiber  Optic  Test  Methods  and  Instrumentation."  30  November  19'r". 


EQUIPMENT : 


Quant it 


Descriot ion 


Nomenclature 
for  Diagram 


American  Optical  Model  No.  o51T  Microscope  MI 

Illuminator  or"  Oriel  Tunsten  Halogen  with  Regulated 
Power  Supply 

25  mm  dia  25  mm  focal  length  lens  I 

Cordon  33-5300-1  1"  dia 

530  nm  +  50  nm  Band  Pass  filter  7 

Fiber  Stands  7S 

Three  Axis  Positioners  Pi,  ?2 

Flat  white  Screen  3 

American  Optical  Micro photographic  Camera 

Part  No.  AO 63 20  ’  ’  PM 

Diamond  Scribe  P.T  7A  211,536  with  ?.?  VA  211,595  refill  or  Majestic 
Tool  per  Exp.  Dvg.  #1074  pnMTD„|  . 

0-125  mm  Vernier  Dial  Caliper  IMuivUUlN  I  KOLLuD 

„  £„  „  .  FOR  REVISION  AND  DISTRIBUTION 


0-6"  Vernier  Dial  Caliter 


MATERIAL : 


Description 


Razor  Blades 


T.V.  Corona  Dcoe 


PRCCEDuPE : 


ISSUED  FES  17  1331 


Stock  room  numb 


026-0C8 


*  v*  \Tfl  a 


RT  VA  211,  585 
Polaroid  Type  10'7 


5.1.  2I\aaeri c  3.1.  A-C6i*^ur,s  Ms 3. 3 ujt 5m- 

5.1.1  Remove  cr.e  meter  of  fiber  from  the  end  of  pull  (marked  EC?)  .  Make  an 
end  on  both  ends  of  the  fiber  leaving  approximately  7 .5  cm  (3.0")  of 


CODE  IDENT  NO  |  DRAWING  NO. 
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5.1.1  (Cont)  bare  fiber  exposed.  Use' the  procedure  of  Specification  ( RT  VJ  211,570). 
Visual  confirmation  of  room  light  reflection  from  the  entire  end  face  is 
adequate  to  assure  a  suitable  end.  Clean  the  end  by  touching  masking  tape 
to  it. 

5.1. 1.1  Coat  the  entire  surface  of  the  exposed  fiber  with  T.V.  corona  dope 
to  within  0.5  cm  (0.2  in.)  of  each  end.  This  strips  light  propa¬ 
gating  in  the  substrate  glass.  Caution  is  required  to  avoid  contact- 
the  fiber  end  with  the  T.V.  corona  dope.  Allow  to  dry. 

5.1.2  Place  the  fiber  end  on  the  five  axis  positioner,  ?1.  Inject  the  fiber  with 
white  light  at  an  injection  N.A.  of  0.466.  Position  the  fiber  to  maximize 
optical  throughput. 

5.1.3  Place  the  other  end  of  the  fiber  on  axis  positioner,  ?2. 

5.1.4  Place  the  screen  so  that  it  is  5  cm  away  from  the  end  of  the  fiber. 

5.1.5  Turn  off  the  room  lights  and  measure  the  scot  diameter, d  ,  in  millimeters. 


5.1.5  Record  the  scot  diameter  in  millimeters. 


^ON-CONTROLLED, 

FOR  P.EViS'ON  AND  DISTRiSUTlOH 


Calculate  the  numerical  acerature  (::.A.)  per  h’.A.  =  sin  ( t*- 


fesfsf  E3  IT  1S31 


Fiber  Dimensional  Measurement 


5.2.1  Remove  1  meter  of  fiber  from  the  fiber  end  to  be  measured  and  make  ar._ 
end  on  each  end  leaving  6.3  mn  (1/4”)  bare  fiber  on  each  end.  Use -the - 
procedure  of  Specification  (RT  Vj  211,570).  Visual  confirmation  of  room 
light  reflection  is  satisfactory  to  assure  adequate  end  quality  in  the  source 
end.  For  the  and  at  the  microscope  one  must  examine  the  end  with  the 
viewing  port  of  the  microscope. 

5.2.2  Place  one  end  of  the  fiber  in  the  5-axis  positioner.  Adjust  the  posituor.er 

to  maximize  the  light  leaving  the  fiber,  determined  by  viewing  the  other  fiber 
end. 

5.2.3  Place  the  other  fiber  er.d  on  the  three  axis  positioner  in  front  of  the 
microscope  objective. 

5.2.4  Place  the  flat  white  of  the  camera  assembly  and  adjust  the  three  axes  pos¬ 
itioners  so  that  an  image  forms  on  the  screen  and  on  front  of  the  camera 
input  lens . 

5.2.5  Flip  the  lever  on  the  back  side  of  the  camera  assembly  so  that  the  viewing 
port  may  be  used.  With  the  viewing  port  focus  the  image  of  the  fiber  onto 
the  cross  mark  reticle  appearing  in  the  viewing  port.  When  the  image  is 
focussed  a  black  dot  will  be  visable  at-. the  center  of  the  fiber  core. 

5.2.6  Place  the  .53  micron  filter  in  the  source  optics  to  filter  the  light  entering 
the  fiber . 
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.7  Adjust  the  aperature  control  on  the  lens  in  front  of  the  5-axas  positioner 
to  the  setting  required  to  obtain  a  clear  picture  of  the  fiber.  Turn  off  ail 
room  lights.  Push  the  shutter  button.  Wait  the  appreciate  exposure  tins,  then 
push  the  shutter  button  a  second  tine.  This  closes  the  shutter. 

.3  Pull  the  white  paper  tab  at  the  back  of  the  photomicroscope .  This  removes  the 
film  and  initiates  the  developement  process.  'Wait  15  seconds  and  puli  off  the 
developer  layer. 

.9  Hard  coat  the  film  with  the  sponge  provided  in  the  film  pack. 

.10  (Initial  Fiber  Evaluation  Cr.ly)  Repeat  paragraphs  5.2.7  thru  5.2.9  on  the  same 
piece  of  fiber  and  on  the  same  fiber  end.  This  photograph  is  sent  to  the  respon¬ 
sible  fiber  fabrication  Supervisor. 

.11  Measure  the  diameter  of  the  core  at  the  widest  point  with  the  0-6  inch  Vernier 
Dial  Caliper.  Divide  this  distance  by  the  magnification  factor  provided.  This 
is  the  major  axis  diameter  in  microns.  Record  this  number  on  the  data  sheet. 


.12  P.eoeat  5.2.11 


:r  the  minimum  diameter  of  the  core.  If  this  number  is  not  the 


same  as  in  5.2.5  record  this  number  next  to  the  number  5.2.5  m  the  format 
AAx33.  If  the  core  is  neither  circular  nor  elliptical  record  the  maximum,  dian.ee; 
as  for  the  elliptical  case  and  record  the  general  fiber  core  shape  in  the 
section  marked"  REMARKS " . 

.13  Measure  the  outer  of  the  fiber  at  the  widest  point  with  the  0-5  inch  Vernia 
Dial  Caliper.  Divide  this  distance  by  the  magnification  factor  provided. 

This  is  the  major  axis  diameter  in  microns.  Record  this  number  or.  the  data 
sheet. 

,14  Repeat  5.2.13  for  the  minimum  outer  diameter  of  the  fiber.  If  this  number  is 
not  the  same  as  in  5.2.13  record  this  number  next  to  the  number  of  5.2.13 
in  the  format  AAx3B.  If  the  core  is  neither  circular  nor  elliptical  record 
the  maximum  and  ninumum  diameters  as  for  the  elliptical  case  and  record  the  gen¬ 


eral  fiber  core  shape  in  the  section  marked" REMARKS " . 
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5.1.5  (Coat.)  retards  the  triggering  pulse,  allowing  the  operator  to  v lev  the 
input  pulse  or.  the  scope. 

5-1.6  Set  the  laser  power  supply  voltage,  PS1,  to  5  above  the  threshold 
voltage  specified  for  the  laser  in  use,  and  turn  control  switch  to  "or." 
posit  ion . 

5.1.7  Adjust  the  tine  position  on  the  sampling  oscilloscope  -until  the  trace 
of  the  laser  pulse  is  at  the  far  left  hand  side  of  the  screen. 

5-1.3  Make  an  end,  leaving  aooroximataly  7.6  cn  (3.0")  of  bare  fiber 
exposed,  on  the  start  of  puli  of  the  fiber,  narked  SC?.  Use  the  procedure 
of  Specification  ' RT-VJ-211 ,57C  .  Visual  confirmation  of  rocn  light 
reflection  iron  the  entire  fiber  end  face  is  adeouate  to  assure  a  suitable  end. 

5-1.9  Apply  TV  Corona  Dope  over  approxinateiy  5-1  cn  (2.C")  of  the  bare 
fiber,  being  careful  not  to  contaminate  the  end.  This  will  remove  light 
propagating  in  the  fiber  cladding. 
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Lnxersifier . 


dq  _  iz.no  s  am  view  one  er.: 


5.1.12  Maximize  the  intensity  of  the  image  by  adjusting  the  5-axis  positioner. 

5.1.13  Turn  on  the  APT  tower  sutolv  PS2.  Set  PS2  .control  switch  tc  "star.ib"" 
position.  Place  this  3-axis  positioner  ir.  front  of  the  A^0H4Sb)N^F^0LLED 

.  .  . .  .......  ...issued  FEB  I7i33i 

“  - u. . i r rom  one  e so 1  r 2.0 eo  —  ■sn *zz n  2. s  3 'ir o—  1  eo.  wion  one  :  1  c er  .  es 0 10.2.0 e  one 


^DG  to  the  approximate  delay.  Adjust  -until  the  pulse  is  visible 


~  n 

'N  ~  m>  n  ' 


5-1.15  Adjust  the  3-axis  positioner  for  maximum  intensity  and  record  the. 
delay  (in  nanoseconds)  from  the  digital  relay  generator.  Aid  ICC  ns  tc  the 
delay  time.  This  is  due  tc  the  internal  preset  relay  of  the  dispersion 
oulse  controller. 


5.1.15  Adjust  the  3-axis  micropcsitior.er  to  maximite  the  total  area  of  the 
signal,  as  viewed  on  the  sampling  oscilloscope. 

5-1.17  reread  the  curve  for  best  viewing  by  adjusting  the  timebase  to  the 
appropriate  scale.  Adjust  the  5-axis  positioner  tc  maximice  the  area  of 


5-1.13  Adjust  the  laser  power  supply 
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5.1.19 

Set  the  sampling 

5.1.20 

T’irn  the  switch  ; 

the  trace  controls  on  chi 

then  tv 

urn  the  scan  to  thi 

5.1.21 

Set  the  pen  down 

5.1.22 

trace. 

Adjust  the  scan  > 

5.1.23 

Lift  the  pen  and 

CM 

r-l 

IPs 

Reduce  the  laser 

5.1.25 

Record  t’"e  sweep 

on  X-’f 

recorder  outputs) 

5.1.26 

Record  0 he  rizhe 

le  X-Y  r* 

apli rg  cscio-loscope  co  one  X-Y  recorder, 


to  one  position. 

v 


.  i  os  scene,  civ.®. 


-C>  3  ^  .=>.=»- 


V  ,.c  o 


supplies,  ?S1  and  ?S2,  to  standby  position. 

5.1.23  Turn  off  both  power  supplies  , 
sampling  oscilloscope,  if  r.c  further  work.  is  schedule-: 

5.2  Tata  Reduce ion  Procedure 

5.2.1  ?.<8 dersne irg  Ohs  *rr  2.rh  oht-2.in.sd  in  Ohs  disosrsior.  ~~ 


W-COfilfROLLED 
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;ne  upper  erase  tne  uaser  erase  ar.c 
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5.2.2  (Seep  Index  Fibers  Inly! 
of  ehe  LSD  trace,  call  this  1  in- 


-raw  a  seraigr 
ebe  base  line. 
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S'  2 .  3  (Graded  Index  Fibers  Inly,  Vied  the  Vernier  calipers,  find  ehe 
maximum  vertical  separation  (i__max)  between  ehe  laser  erase  and  ehe  LH 


e  . a •  -  oteo  iacex  risers  Jr.. 


«'ieh  ehe  Vernier  calipers,  find 


ocimum  vercica-  separaeion  ,  a.  max,  cecveen  the  laser 


a  *-«  .-•  —  ***  c. 


: assume . 


;.2o  a  the  vertical  separation  corresponding  to  the  sc 


a  wtr' - 


•  _  -  (  yf  ,  \  ,  ,  .  ..  .  . 

resign  cue.  e  ,«>  pea^c  /  mic  levying  ens  ccslk  vsrcic— e  3  e  oar  at  ion,  i  ztax,  cv 


5.2.6  See  the  calipers  ae  the  specified  separation  between  ehe  two  curves. 

5.2.7  Find  ehe  two  points  that  have  ehe  same  vertical  separation  between 
the  curves  as  the  new  caliper  setting  and  nark.  them. 


5.2.3  Measure 
this  number  by 

ht  r  35  r  aa-’- 


•izonta*  nseance  between  these  two  points.  Multiply 


sweep  range  setting  m  nancsecor.es . 
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5.2.9  Divide  the  delay,  in  microseconds ,  by  U.9U  us/km  and  record  this 
number  as  the  length  in  kilometers. 

5.2.10  Find  the  dispersion  by  using  the  formula 


3(xxf«! 


—  x  /  2  5 

L  'w  -  V  ~ 
o  1 


vhere  L  is  the  length  of  the  fiber  previously  calculated  in  kilometers, 
is  the  width  in  nanoseconds  of  the  output  pulse,  x;<  is  the  magnitude 
percentage  vhere  the  dispersion  is  measured,  and  W  is  the  input  pulse 
width  (provided).  Record  the  dispersion  in  nanoseconds  per  kilometer  on 
the  sheet  and  on  the  attenuation  sheet  which  accompanies  the  fiber. 
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1.0  SCOPS: 


This  specification  details  the  procedure  for  the  fiber  end  prepar¬ 
ation  technique  known  as  the  "Scribe-and-break”  method.  This 
technique  is  straightforward  and  allows  rapid  preparation  of  the  high 
quality  fiber  ends  required  for  fiber  measurements.  This  technique 
can  be  used  for  any  fiber  fabricated  with  a  glass  core,  including: 

CVD  step,  CVD  graded,  PCS,  and  single  mode  fibers. 


2.0  REFERENCE  DOCUMENTS : 

DOD-STD-1673 ,  "Fiber  Optics  Test  Methods  and  Instrumentation." 

3  .0  EQUIPMENT: 

Diamond  cutting  tool  at  7 A  211,536  with  RT  VA  211,335  refill  c: 
Tool  per  Exp.  Owg .  =10 '4 

Wire  stripper  ..optional)  -  Jensen  Tool  =  43  301 


snl-  or  Marestic 


MATERIAL 

(r) 

:<-acto  knife  or  razor  blade  026,0083 
Isopropyl  alcohol  QC6,GC4-1 
Freon  TF  Millar  Stevenson  II  MS-190 
Masking  tape  Stock  ~  016007 
Paper  tissue 

PROCEDURE : 

5.1  Refer  to  Figure  1. 


Tape  fiber  dow-n  to  table  approximately  12.7  cm  i.5.0  m)  from 
the  end. 

5.2  Strip  off  plastic  jacketing  and  buffer  coating  from  10.2  cm 
(4.0  in)  of  fiber. 
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5 . 3 


5 . 4 


5.  5 


5  .  O 


Remove  remaining  buffer  particles  by  lightly  rubbing  a  razor 
blade  along  the  fiber,  then  rub  the  fiber  between  thumb  and 
forefinger.  Any  remaining  particles  can  be  removed  with 
tissue  and  isopropyl  alcohol,  as  in  Figure  2. 

Refer  to  Figure  3.  Grasp  end  of  fiber  with  a  small 
Piece  of  masking  tape  for  grip. 

Scribe  fiber  perpendicularly  with  diamond  tool  at  po 
providing  length  of  bare  fiber  required  in  measureme 
speci f ication . 

Pull  fiber  end  straight  along  axis  and  smoothly  u n t i ! 
break  occurs. 

Touch  fiber  end  with  a  small  piece  of  masking  tape  tc 
remove  residual  glass  particles. 


ir.t  , 
n  t 


5  .  3 


Inspect  end  by  observing  a  bright 
fiber  end.  Inspection  magnificati 
soecifiad  in  the  measurement  soeci 


election  from  1 
i  is  used  where 
.cation . 


5  •  0  ACCEPT /REJECT  CRITERIA: 
6  .  1 


Any  end  which  does  not  reflect  well  or  shows  unactep: 
imperfections ,  should  be  reterminated  per  the  protea. 
of  paragraph  5.0. 
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